This study revisited an alternative profit efficiency function specified by Berger & Mester, (1997) and we applied Battese & Coelli, (1995) inefficiency model as a unified and consistent framework in exploring the determinants of important factors causing profit efficiency differential on banking industry in Bangladesh. Using stochastic frontier technique we estimated bank specific profit efficiency for the period 2000 to 2007. This study attempted to examine the changes in the profit efficiency in accordance with NBs (Nationalized Commercial Banks), ISBs (Islamic Banks), FBs (Foreign Banks) and PBs (Private Banks) and significant variations of efficiencies across different kinds of banks in time periods. We found that the profit inefficiency has declined over the reference period and Translog Production Function is more preferable than Cobb-Douglas Production Function. Our results showed that Nationalized Commercial Banks were significantly inefficient and on the contrary ISBs, FBs, and PBs were efficient in producing profit and noteworthy. The estimated year wise average efficiencies of the sample banks from the profit efficiency model was 0.664 while group wise average profit efficiency was 0,639. Dhaka Bank is highly efficient with score 0.89 and AB Bank was found lowest efficient with score 0,35 according to the sample data.
Introduction
Bank efficiency studies are of crucial importance for operational and academic proposes (Berger & Humphrey, 1997) . So far, there is quite a fair amount of research that studied banking efficiency in less developed countries, for example Saudi (Al-Faraj, Alidi & Bu-Bshait, 1993) , Bangladesh (Sarker, 1999; Raihan, 1998; Hasan & Kabir 1999; Choudhury, 2000; Choudhury & Raihan, 2002; Rahman, 2003; Hasan & Baten, 2005; Nadim, Shubhankar & Haque, 2007) , Kuwait (Limam, 2002) , Turkey (Isik & Hassan, 2002a; 2002b) , Jordan (Isik & Hassan, 2003) , Bahrain (Hassan, Samad & Islam, 2003) , Malaysia (Sufian & Ibrahim, 2005) ; Pakistan (Limi, 2004) , and U.A.E. (Rao, 2005) .
Profit efficiency indicates how well a bank is predicted to perform in terms of profit relative to other banks in the same period for producing the same set of outputs. Despite the wide agreement on the relevance of profit efficiency analysis, the technical difficulties with the measurement and decomposition of profit inefficiency were the main reasons for the small number of empirical studies on banking profit efficiency. Both parametric and non-parametric techniques have been employed to compute efficiency scores (Berger & Humphrey, 1997; Manthos & Fotios, 2008) . Nevertheless, the majority of these studies limit their efficiency analysis to the cost side (e.g. Berger, Hunter & Timme, 1993; Resti, 1997) , recent studies have given more attention to profit efficiency. Indeed, among the 130 studies surveyed by Berger and Humphrey (1997) , only fourteen of those studies employ a profit efficiency perspective. Some studies (e.g., Guevara & Maudos, 2002) provide banking profit efficiency scores for several European countries, including Portugal.
Studies that applied the profit efficiency found some evidence of improved profit efficiency. (see Berger & Humphrey 1992; Berger, Hancock, & Humphrey 1993; Kaparakis, Miller & Noulas, 1994; Kwan & Eisenbeis, 1996; Berger & Mester, 1997; Bikker, 2001; Oludele et al., 2010; Tahir, AbuBaka & Haron, 2010) . The majority of studies investigating banking profit efficiency adopt a parametric approach following the prominent works of Berger and Mester (1997) , DeYoung and Nolle (1996) and DeYoung and Hasan (1998) . The few available studies that estimate profit frontier functions report efficiency levels that are much lower than cost efficiency levels, implying that the most important inefficiencies are on the revenue side . Maudos and Pastor (2003) , and Joana and Elvira (2007) studied an alternative profit efficiency scores with a non-parametric approach.
To our knowledge, there is no study that has focused exclusively on the profit efficiency of Bangladesh banking sector using stochastic frontier analysis. Therefore this study intends to reveal the overall performance of commercial banks with loan default and measuring bank efficiency in Bangladesh in the context to both productivity and profitability. The present paper utilize the concept of alternative profit efficiency and apply Battesse and Coelli (1995) model, which is assumed to behave in a manner consistent with the stochastic frontier concept and it is used to examine the profit efficiency level of banks in Bangladesh. The main focus of our study is to measure the bank profit efficiency in accordance with NBs (Nationalized Commercial Banks), ISs (Islamic Banks), FBs (Foreign Banks) and PBs (Private Banks) in Bangladesh. To determine the important factors causing profit efficiency differential on banking industry in Bangladesh is also of our interest.
Background of Bangladesh banking industry and its importance
The banking system of Bangladesh consists of four nationalized commercial Banks, around forty private commercial banks, nine foreign multinational banks and some specialized banks. Grameen Bank is a specialized micro-finance institution, which revolutionized the concept of micro-credit and contributed greatly towards poverty reduction and the empowerment of women in Bangladesh. Banks are the main vehicles for mobilizing invisible funds and channeling those funds to faster the growth of the productive sectors of the economy. Question arises how successfully the nationalized private commercial banks are serving the country, how far they have achieved their desired goals? The nationalized commercial banks are overcome with the vicious problem of corruption, inefficiency, loan default etc. although the private commercial banks are efficient in their commercial activities and solving the problem of loan default.
The Bangladesh banking sector relative to the size of its economy is comparatively larger than many economies of similar level of development and per capita income. Private Banks are the highest growth sector due to the dismal performances of national/government banks. Foreign Banks are also the growth sector due to the performances of national commercial banks. They tend to offer services providing disbursed loan and defaulted loan as well as are playing a pioneer role in introducing modern financial products and services. Out of the specialized banks, two (Bangladesh Krishi Bank and Rajshahi Krishi Unnayan Bank) were created to meet the credit needs of the agricultural sector while the other two (Bangladesh Shilpa Bank (BSB) and Bangladesh Shilpa Rin Sangtha (BSRS)) are for extending term loans to the industrial sector. The total size of the banking sector at 26.54% of GDP dominates the financial system, which is proportionately large for a country with a per capita income of only about US$540. The non-bank financial sector, including capital market institutions is only 3.22% of GDP, which is much smaller than the banking sector. Access to banking services for the population has improved during the last three decades. While population per branch was 57,700 in 1972, it was 19,800 in 1991. In 2001 it again rose to 21,300, due to winding up of a number of branches and growth in population. Compared to India's 15,000 persons per branch in 2000, this indicates that the banking system in Bangladesh is a significant problem. 
Methodology
A stochastic profit frontier model
In the banking sector, econometric measurement of inefficiency has been undertaken mainly through estimating a cost function. The implementation of the profit function approach is rather difficult due to chronic data problems, as the profit function requires price data for outputs, which is hard to construct in banking.
The profit efficiency is measured as the ratio between observed profit   P to the corresponding profit frontier   * P ,
i.e. P PE . P
 
The stochastic frontier analysis, as developed by Aigner, Lovell and Schmidt (1977) and applied to banking by Ferrier and Lovell (1990) , Berger and Mester (1997) specifies a particular form for the cost (profit) function, usually a translog form, and allows for random error. It assumes that these errors consist of inefficiencies, which follow an asymmetric distribution (usually a truncated or half normal distribution), and random errors that follow a symmetric distribution (usually the standard normal distribution). While there are various methods of measuring profit efficiency (see Lovell, 1993; Coelli, Rao & Battese, 1998; Kumbhakar & Lovell 2000) , in the present study we revisited an alternative profit efficiency function of (Berger & Mester, 1997) and applied (Battese & Coelli, 1995) which explicitly account for statistical noise.
Let N be the number of banks. Suppose the ith bank has a vector of X independent inputs that determine profit. Then, the stochastic profit function is defined as: (1) and inefficiency model given by equation (2) are simultaneously estimated by using maximum likelihood estimation; the methodology was advanced by Battese and Coelli (1993; 1995) , and the software, Front41, was produced by Coelli (1996) . After obtaining the estimates of it U the profit efficiency of i-th bank industry at t-th time period is given by:
An empirical stochastic frontier model of profit inefficiency
We used an alternative profit function specification, where the dependent variable is given by   ln P indicates the value of profit   P over all banks in the sample, and is added to every firm's dependent variable in the profit function. This transformation allows us to take the natural log of profits, given that profits can obtain negative values.
The functional form of the profit Translog stochastic frontier production model is defined as: 1  1it  2  2it  3  3it   2  2  2  11  1it  22  2it  33  3it   12  1it  2it  13  1it  3it   23  2it  3it it it ln(P ) ln X ln X ln X 1 ln X ln X ln X 2 ln X *ln X ln X *ln X ln X *ln X V U
where the subscripts i and t represent the i-th bank industry and the t-th year of observation, respectively; i 1, 2,..., 20 ; t 1, 2,...,7 ;  it P denotes the profit of the ith bank industry in the t-th period in values (taka); 1it X denotes prices of physical capital of i-th bank industry in the t-th period; 2it X represents materials prices of i-th bank industry in the t-th period; 3it X represents prices of labor of i-th bank industry in the tth period;
"ln" refers to the natural logarithm.
Further, the bank industry specific inefficiency is considered as a function of some explanatory variables and the inefficiency effects model is defined as: 
Measurement of variables
One of the crucial debated issues in the banking literature is output measurement. Under production approach output is measured by the number and type of transactions or accounts and inputs used are only physical units such as labor and capital, since, only physical inputs are needed to provide financial services. Under intermediation approach, financial institutions are thought of as primarily intermediating funds between savers and investors. Under this approach, the inputs of the bank are essentially financial capital, and outputs are measured by the volume of loans and investments outstanding. The present study adopts production approach to specify outputs and inputs of commercial banks. All nominal values are converted to real by deflating with GDP deflator and all values are in their natural logarithms. 
Data set

Dependent variable
Profit (Y):
Banks and other financial institutions are simply businesses organized to maximize the profitability and that is why the performance of a commercial bank is measured by its profit efficiency. In this study we have used profit is equal to the pre-tax profit for all commercial banks. The dependent variable is now   min ln P | P | 1 ,  where, min | P | is the absolute value of the minimum value of profits in the appropriate sample. In practice, the constant term min | P | 1  is added to every bank's profit so that the natural log is taken of a positive number. This adjustment is necessary since a number of banks in the sample exhibit negative profits in the sample period. The dependent variable is ln(l)=0 for the bank with the lowest value of P . The nominal profit values are deflated by respective consumer price index.
Independent variables
( 1 X ): the price of physical capital which is equal to depreciation over fixed capital and investment in leasing. It is the input variable representing the fixed assets of a bank in a year which also adds premises, furniture and fixture and the figures are deflated by capital price index. NB, ISB, FB, and PB are bank group specific dummies for National Bank, Islamic Bank, Foreign Bank, and Private Bank respectively. The dummy variables can take either 1 or 0 depending on data availability or not respectively.
Likelihood ratio tests and hypothesis
The following hypotheses requires testing with the generalized likelihood ratio test statistic is defined by This is done with the calculation of the maximum likelihood estimates for the parameters of the stochastic frontier models by using the computer program frontier version 4.1 developed by Coelli (1996) . If the null hypothesis is accepted this would indicate that 2 u  is zero and hence that the it U term should be removed from the model, leaving a specification with parameters that can be consistently estimated using ordinary least square (OLS). 
Results and discussion
In this section Ordinary Least Square Estimates (OLS) and Maximum Likelihood Estimates (MLE) of the parameters reported in the context of bank specific profit efficiency of Bangladesh followed by Translog stochastic frontier model. The ordinary least square estimates of parameters were obtained by grid search in the first step and then these estimates were used to estimate the maximum likelihood estimates of the parameters treated as the profit frontier estimates of Translog stochastic frontier production model.
The ordinary least squared estimates of profit efficiency model were presented in the Table 2 . First order coefficients of the parameters of profit efficiency model were statistically significant in case of OLS estimation at different level of significance but some second order variables were found statistically insignificant. In OLS estimates all first order parameters in profit efficiency model showed positive sign. All input variables except some second order variables were indispensable contributors to boost the bank profit efficiency in Bangladesh. 
10% consecutively @ means insignificant , S.E = Standard Error
The maximum likelihood estimates (MLE) of parameters in the profit efficiency model along with inefficiency estimates reported in the Table 3 and 4. The maximum likelihood estimates of the coefficients of capital and material were found to be significant with the values -0,696 and 0,887 respectively while the coefficients of labor and time found insignificant with 0,062 and 0,053 respectively. The insignificance of the estimated labor coefficients was not surprising given that most banks may be still overstaffed even after many years of reforms.
In the inefficiency effects model, a positive coefficient value increased the level of inefficiency and vice-versa. The most expected result observed in inefficiency effects model of profit efficiency and the result for the estimated coefficient of time with 0,053 indicated that day by day the level of efficiency is being increased. It was observed that total assets and the Herfindahl-Hirschman Index were negatively significant in this model. Hence total assets and HerfindahlHirschman Index were found decreasing the level of inefficiency. Other explanatory variables in the inefficiency model were the dummies of four banks group taking value 0 or 1. From the coefficients of these variables it was clear that Foreign Banks and Private Banks were more efficient in profits making than that of their counterparts Nationalized Commercial Banks and Islamic Banks. The negative coefficient of time indicated that the profit level tended to increase by 1,37 per cent per year over the time period. The estimated results of the profit efficiency model were reported in the Figures 1, 2 and 3 according to group wise, year wise and bank wise respectively. It was observed that on an average, Bangladeshi banks were 66,4 per cent efficient in profits making services relative to the best performing bank during the study period. In case of profit efficiency, foreign banks were most efficient (68,8 per cent) along with private banks (68,7 per cent). These findings are in line with the argument that foreign banks are superior as they normally have advanced technology and skills; sophisticated services and broader international networks (Levine, 1996; Unite & Sullivan, 2003) . National banks and Private banks were relatively less efficient than foreign banks, these results contradicted with the finding of (Iza, Nor & Mazlina, 2009 ) but supported with the result of (Tahir et al., 2010) . From this study it was revealed that Government owned banks were least efficient that increase profits level with 58,4 per cent. However, the implication of the result of (Raulin, 2008) is that foreign banks are not always more efficient than domestic banks in developing countries, and even in a country with low income level. During the period 2001 to 2004, profit efficiency of nationalized commercial banks were almost stable and it was around 45,8 per cent but in the following year efficiency scores increased dramatically and it became almost doubled with 87,5 per cent. The findings of this study suggest that foreign banks are more profit efficient than domestic banks and it was supported by (Kiyota, 2009) . Again the efficiency of NBs decreased in the years 2006 and 2007. On the other hand private banks were very consistent over time. These results were supported by Mahesh and Meenakshi (2006) . Hence Islamic banking system has been enjoying considerable profits efficiency for two years according to this study. Moreover, foreign banks were very much efficient in producing profits making as they were at the top position which was really an alarming threat to the Nationalized Commercial banks (NBs) because reverse situation has been taken place to the NBs. All NBs were inefficient to boost up the profitability. From the inefficiency model of the profit efficiency model we noticed that total assets were highly insignificant. Therefore the conclusion is that Nationalized Commercial Banks should properly handle their total assets make a standard solution to still existing overstaffed even after many years of reforms.
Hypothesis tests of profit efficiency model
The results of various hypothesis tests of the profit efficiency model were presented in Table 5 . The all hypothesis tests were obtained using the generalized likelihood-ratio statistic (7). 
Policy recommendations
Profit efficiency evaluation is useful for individual investment or loan decisions and bank profit efficiency results of banks can help improve their overall investment performance. Bank efficiency studies are of crucial importance for operational and academic proposes (Berger & Humphrey, 1997) . The findings of the study have important policy implications for efficiently managing the financial institutions, especially the NB, ISB and PB banks. In particular, the NB should take appropriate actions for increasing their coverage in offering innovative technology driven services with a view to increasing their performance and raising their market competitiveness. Studies show that Islamic banks cannot operate with its full efficiency level if it operates under a conventional banking framework, their efficiency goes down in a number of dimensions. Profit efficiency of online banking can be significantly improved by time, total assets, Herfindahl-Hirschman Index because these were observed significant with negative values which represented decreasing the level of inefficiency.
It would be important for financial sector policies to encourage the banks to use any excess liquidity in the banking system for providing credit to productive activities. The Bangladesh Bank, being the regulator of the financial system, can play an important role through taking necessary measures to expedite the initiatives of the traditional banks in adopting such innovative technology driven products and services in their banking activities. On its part, this bank should strengthen its prudential oversight and closely monitor the liquidity situation in the banking system. In addition, it would be important for the Bangladesh Bank to continue its efforts in urging the banks to reduce their lending rates, increase competition among the financial intermediaries, and pursue strong monitoring and supervision measures so that the financial institutions reduce administrative cost by improving efficiency and reducing the burden of nonperforming loans. However, the digital investments through effective extension delivery program in the current political and economic environment in Bangladesh will provide bankers with skills essential to increasing efficiency. Finally, it may be mentioned that if the online banking (financial) system, is to become truly liquid and efficient it must develop more standardized and universally (or at least widely) tradable financial instruments.
Conclusion
Efficiency measurement has been the concern of researchers with an aim to look into the efficiency levels of different commercial banks in Bangladesh engaged in various production activities. Identifying determinants of efficiency levels is a major concern in efficiency analysis. This study sets out to provide estimates of bank profit efficiency and to compare efficiency estimates for NBs (National Banks), ISBs (Islamic Banks), FBs (Foreign Banks), and PBs (Private Banks) of Bangladesh banking industries using stochastic frontier analysis. We compared the profit (in) efficiencies of 20 Commercial Banks group wise, year wise and specific bank wise over time period.
The most important results were summarized below:
First, we analyzed the Translog Stochastic Frontier Production Function with distributional assumptions for an alternative profit efficiency model and the presence of onesided error component was justified by the LR test individually, which was highly significant for this model. We found that the profit inefficiency has declined over the reference period and Translog Production Function is more preferable than Cobb-Douglas Production Function.
Second, the most expected result observed in inefficiency model of profit function and the estimated coefficient of time with -0.370 indicated that day by day the level of efficiency was being increased. From the estimated coefficients of inefficiency model it was seen that time, total assets, Herfindahl-Hirschman Index were found significant with negative values represented decreasing the level of inefficiency.
Third, the estimated year wise average efficiencies of the sample banks from the profit model was 0,664 while group wise average technical efficiencies was 0,639. In case of profit efficiency, foreign banks were most efficient (68,8 per cent) along with private banks (68,7 per cent). From this study it was revealed that Government owned banks were least efficient that increase profit level with 58,4 per cent. 
